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ABSTRACT

This report describes the mcasurements that have bsen
made on a simple beam~tester tudbe, including preliminary
noise measurements.

A method for caloulating the sensitivity of a "honeycomb®

grid ae a detector is outlined, and some results of the

caloulations are given.
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CHAPTER I
INTRODUCTION

A considerable amount of work has been done, mostly at
Stanford, on a tube that utilizes the cyclotron mode of inter-
action between electrons and r-f electric fields in the presence
of a strong and uniform magnetic field, The interaction can
best be described by reference to figure 1.1 bslow. Electrons
enitted from the cathode

are accelerated by a low
detector

voltage so that they drift [Dathode X grid \
|
through the long anode, or drif¢ tube

collector

drift tube, The drifi tube \w_... 5
aiso constitutes an r-f - electrcn path
structure, which may be a

cavity, a wave-guide, or

a parallel-atrip line, An

r-f electric field can thus

Fige l.l==Cyclotron-mode tube.

be applied at right angles to the d-c magnetic fieid, Electrons
will tend to spiral about the magnetis flux lines with a natural
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frequency, called the "cyclotron frequency®, given by

£, = 5;?; B = 2,8 B mops,, where (1-1)

B is in Gauss

If the applied r-f electric field has the same frequency, and the
proper phase, a resonant condition will result, and ths spiral
path of the electrons will constantly increase in radius as the
electron dfifts across the tube, This chaengs in radius can be
detected by suitable grid structures located in the electron
path, and the collector signal is a demodulated, or pulsating
direct current. One may think of the tube, therefore, as a
magnetically tuned radio receiver, complete except for amplifica-
tion end indication of the signal, '

Tke object of the prclsct is to learn more about the mech-
anism of interaction between electrons and r-f fields, and to
f£ind improved means of detecting this interaction, with a view to
increasing the sensitivity of devices that utilize this principle,

The procedure to be followed in carrying out the research
is indicated by the followingdiscuasion.

Previous work has indicated that the noise carrisd by the
electron stream is, at least under certain conditions, much lower
than would be predicted on the basis of the usual equations for
noise, Howevei, there are several conditions in this device that

are not the usual conditions in electron tubes, The electron

velocity is exceptibnally low, Cathods-anode voltage is of the
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order of 2 volts, and the electrons drift for a relatively long
period of time between closely-spaced conducting plates., Hence
space-charge smoothing occurs between anode and cathcle, and
possibly also in the drift space. A theoretical evaluation of
the smoothing effect of the space charge should be possible, and
thie should be confirmed by experimental methods, Preliminary
results will be reported in chapter IV of this report,

I} 3z known that triodes, tetrodes, etc. have higher noise
than diodes because of ¥partition™ effects. However, there are
indications that the ncise in the cyclotron-mode tube is less than
wonld be predicted by known theories of partitioning. This should
be investigated more carefully than has been dene to date.

There are simple geometrical explenaticns of the behavior of
detectors (grids) that are of simple geometric form, Such expla-
nations are reasonably satisfactory for the large-signal case,
but we are not much intersated in this case., For small signals,
it 18 necessary to take into acccunt the distribution of initial
electron velocities transverse to the magnetic field, and the
problem immediately becomes more involved. Also, the effect of
d-c fields adjecent to the detector, and resulting from space-
charge potentials, needs to be explored., It should be feusitls
to analyze the performance of a number of typas of grid, and those
that appear t§ be the most promising can b3 checked experimentally.

Under certain conditions of cathode temperature, magnetic fieid

strength, anode voltage, and collector bias, both oscillations and
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1§craased noise have been observed. There is a atrong suspicion
that the space-charge smoothing of the beam may be lost, giving
rise to increased noise, The oscillations may also be caused by
the pressure of gases 1n the tube, Complete evaluation of this
effect 1s needed,

It has been suggested that the signal strength could be en-
hanced by using a secondary electron multiplier between the detector
and the collector. No work has been done towards applying this
scheme, but it deserves careful evaluation,

There are at least two possible ways to cover a wide range
of frequencies with the cyclotron-mode tube, A tubs can be designed
for each desired frequency range, within certain practical limitat-
ions, or the signal frequency can be converted Ly heterodyning tc
bring it Wi thin the frequency range of the tube., Both methods need

to be evaluated with respect to practicability; sensitivity, and

cost,

 a——— e e
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CHAPTER 11
CONSTRUCTION OF BEAM-TESTER TUBE

The objectives outlined in the first chapter include measure-
ment of beam ncise, partition effects, and oscillations,all of which
occur in the absence of radio-frequency fields., A simple tube has
been constructed for use in investigating static characteristics
and nolse, No provision was made for the introduction of r-f power,
Nevertheless, some conclusionscan be drawn with regard to sensitivity
of different detecting grids beczuse electronz ars smitted from the
cathode with transverse components of velocity, giving rise to helical
electron paths, Changing ths magnetic field strength will change

the radii of the electron paths, and such changes can be detected by
suitable grid structures.

2,1 Tube Construction

The principle features of the beam-tester tube are shown clearly
by figure 2,1. The tube is of metal and ceramic construction, Both
ends are sealed with O-ring gaskets, so that the tube can easily be
disassembled for modification of the cathode or grid assemblies, Both

end plates are mode of steel, and form part of the magnet structure,
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The copper body of the tube was macde in two halves and brazed
vogether to prcvide a rectangular drift tube 1/8 inch bhigh, 1/2
inch wide, and 1-7/8 inches long. Copper flanges were brazed %o
the tube in the same operation,

Ths cathode andwieater were taken from a type 6J6 tube and
mounted in a holder machired from lava, The 6J6 cathode is flat,
and has juat the dimensions nesded to cover the end of the drift
tube,

An accelerating grid (or anode) was made by welding a fine
tungsten screen (120 mesh, 0,0015 inch wire) to a mclybdsnum plate,
Anode-cathode spacing was initially 0.025 inches, but the position
of the grid can easily be changed. This will be done eventually
as a meana of determining the degree of spece-charge saturation in
the drift tube, and the effect thereof on beam noise,

A detecting grid vag made by mounting three Varlen klystron
grids side-by-slde, Overlapping portions of the circular grids were
removed by slicing with a sharp razor blade, sc that the grids formed
essentially a continuous honsycomb structure covering the end of the
érift tube, but insulated from it. The grids were mounted directly
on a ceramic-metal sesal, as was the ccliector plate, Thus it was
possible to control the potential of each element, and measure
grid and colleclior currents separately.

Insofar as it was possible, the dimensions of the beam-iester
tube were chosen to correspond with those that would be used in a

practical cyclotron resonance tube.
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2.2 Magnet Construciion

The construction of %he magnet is shown by figure 2,1, To
reduce leakage and produce a uniform magnetic field, %he magnet
wvinding is totally encased in stsel of sufficient thickness that
{ihe magnetomotive force required for the steel is negligible,
Therefore the total magnetomotive force produced by the winding
appears across the air gap in the center. The winding consists
of 5899 turns of #27 copper wire with silicone-fiber glass insulation,
The winding was vacwm impregnated with Dow-Corning No, 996 insulat-
ing varnish, A number of thermocouples were imbedded in the wind-
ing so that the hot spot temperature could be determined, This
was done in order to make avajilable design data which should make
possible the design of & smaller magnet. Complete data on the
magnet will be given in a forthcoming report,

——————
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CHAPTER III
STATIC CHARACTERISTICS OF BEAM-TEST TUBE

Pollowing is a discussion of the results obtained thue far in
experiments performed on the cyclotron beam-tester tube, A descrip-
tion of this tube and an illustraiive diagram have been presented
in chapter II of this report, Moust of the experimental investigation
to date has been centered around this tube,.

3.1 Static Characteristics

There are five parameters whose independent variation must be
considared in describing the direct current or static cheracteristics
cf the beam-tester tube. These are:(1l) heater voltage (cathode
temperaturs)s {2) anode screer: voltage {voltage of drifi tube with
respect to cathode); (3) detecting grid voltage; (4) collector
voltage; (5) magnetic field stremgth.

Neater Voltaga. In conventional tube operation, anode voltages are
80 high that the velocity an electron attains irn traversing the
cathode-anode spnace is negligibly affected by initial velocity of
emission of the electrons., Hence, space chargs limited operaticn

results in a relatively flat curve of cathode current versus heater

e ———— - NI ¢
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voltage, However, in the tube here treated, velocity of emizsion

is in many cases comparable to the veiocity due to accelerating

fields. For the anode voltages from 1 to 6 volts used in this tube,
absolute space charge limitation in the usual sense nevar exists,

Space current may be limited to a valus well below total emission
current, but increasing the cathode temperature will increase the

total space current transmitted by adding appreciably to the average
velocity of the emitted electrons, Thus, to reproduce a given set

of static characteristics, one should be able to contrel closely not
only the heater voltage, tut alsc the smitiing eificiency of the cathode
surface. The fact that this is almost impossible to do with precision,
however, does not appreciably alter the character of the dats cbtainud,
It only changes the scala factor., One important exception to this
statement is the effect om trarsverse veloocity, and herce, collection
of current on the deteoting grid, which will be discussed later,

Curves of total cathode current and currsnt transmitted through the
drift tube as functions of heater voltags appsar in figure 3.1,

Anode Yoltagg. Under space charge limited conditions, total current
through the drift tube is influenced by anode voltage (drift tube-
to-cathode voltage) through one of two considerations: (1), the

v=ual three-halves power law, which predicts space-charge limited

current in an ideal planar diode,

I =2.235 x 10~° ﬁz V2 amperes,  (3-1)

where A is the effective cathode area, x is the ancds-cathode spacing,

N
and V is the anode-cathode voltage in wolte; and {2), Haeifis formula™

15, V. Haoff, "Space Charge Effects in Eiectron Beams", Proc. IRE, 27,
586-602, (1939)

-9
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I=9.35x10°6 X v/ 1, amperes,  (3-2),

vhich predicts the space charge limited currsnt that can be caused
to flov parallel tc two equipotential conducting planes separated by
a distance d. The width of the current-carrying channel is w, and V

3
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Figs 3.1.--Beam-tester tube currents as functions of
filament voltnge.

is the accslerating voltage through which the electron passes before
entering the space bounded by the conducting planes, The factor
r has a value of 2,0 if the electron beam completely £ills the space
between the planes, Othervise, it has a smaller value given by Hasff,
Drift-tube current is determined by the smaller of the two values
predicted by the equations in the preceeding peragraph, This tube is
designed to give space charge limitation in the guide as predicted by
Haaff's formula,
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Thus, one would expect both the drift-tube current and total
space current (Irift-iube current plus current captured by the anoda
screen) to follow a 3/2-power variaticn with accelerating voltage,
The total space current was found to follow this law, but drift-
tube current variation exceeded the exponent 3/2 at very low =node
voltages (1.5 to 3 volts) &nd then returned to it for higher anodse
voltages, This variation, for a typical value of heater voltsge,
is shown in figure 3,2,

600
[ l |
onthode current
0 8004 — — —drift=-tube current
"
D
%400 y
o Filament Voltare 8.0
4]
2 300
5
7.0
'g 200 T __,a”:f
b "~
— B.0
8 o S X
(] -‘-—,-:‘. ..-d-' 7.0
___..--""" ___,._v--"""
0 1 2 3 2 . 2

Anode Voliage

Fige 3.2.,--Beam-tester tube currents as functions of enode voltege.

Since 1.5 to 3.0 anode volts is the intended region of operation,
efforts are being made to account for this discrepancy. Currently
under inveetigation are iwo theories: (1), contact potentials; (2),con-
tamination of the drift-tube walls by a thin oxide coating of appreci-
sable resistivity. This latter possibiiity has been dealt with by gold




plating the copper tube beody. Subssgqusnt tests show more nearly
proportionel variation of the two currents with anode voliage,
but the exponent is about 2 inatead of 3/2,

With the improved cathode emission obiained in recent tests,

typical DC operating valucs 2re sa followss

Filament voltage: 7 voits

Anode voltege: 4 ®

Detector grid volitage: + 1% " (with respect to
drift tube)

Collector voltages + 4" " "

Total cathode emizzicn: 325 microamperes
Drift-tube current: 135 %
Detector grid currents 55 "
Collector currents 85 e

Consistently, approximately 40 percent of the total cathode or
total space current is transmitted through the drift tube. Capture
by the anode grid and drift-tube walls account for the rest. From
50 percent to 70 percent of the drift-tube current normally reachss
teos collector, depending upon the factors which affect transverse
electron velocity. These will be dealt with subsequently,

Petecting Grid Voltage. Figure 3.2 demonstrates that the grid
voltage has little effect on any currents in the tube as long as

the grid is at zero or positive voltage with respect to the tube body,
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Fige 3ede==Beam-tester tube currents as functions of grid voltare,.

Collector Veltage. Collector voltage was showm ts have 1littls effec

(314

on collector current as long as the collector is 2 volts or more

positive with respect to the grid. This is evident in figure 3.4.

Magnet Current. The magnet current was found to have relatively

little effect upon waveguide current as soon as the megnetic field
exceeded the minimum value at which foouaing begins. However, it

was found to have the expected effect on the ratio of collector current

%0 drift-tube current as treated in the next section,

-13 -

7

TrET

=




—— ——

e e g

650 T I
Filoment Voltnpe = 7.0
Anode Voltrpre = 4,5
Grid Volkore Ak Collact?r Curront
[ /] 40 —_—
& .
o
g.
g
20 P
e Grid Current
A 20
B
)
"
3 10
©
o
5] 1 2 3 4

Collector Voltepe
With Respect To Drift Tube

Fige 344.--Collector current and grid current as funotions of
collector voltage.

3.2 The Fraction of Drifi=-Tube Current Which Reaches the Collecter

The detecting action of the cyclotron-mode tube dspends upon
tho fact that grids can be made to detect chahges in the distribution
of radii of the helical paths of electrons in & magnetic field, One
theory which seems to fit the experimental data rather well, is ont-
lined in chapter ¥ of this report. Qualitatively, it is readily seen
that a "honeycomb" grid structure, having a depth greater than the
pitch of an electron path, will capture more electrons as the average
radius 1s increased,

It should be emphasized at this point that there is no provision
in the beam tester tube for introducing radio frequency fields; hence,
the tube cannot be used for studies of cyclotron resonance, Never-

theless, individual elecirons are emitted from the cathode with initial
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iransverze velocities, and thsrefore follow helical paths of the
cyolotron frequency. Transverse electric fields in the neighborhood
of the anode screen will alter the initial transverse velocity dis-
tribution,

Thus, of the independent variables in section A; ancde voltage.
heater voltage, and magnet current would be expected tec influence
the belix radius of electrone in the drift tube and, therefore, to
influence the division of current betweer the "honeycomb® detecting
grid and the collector,

Figure 3,5 shows the relative effects of anode voltage end
nagnetic field strength on the ratio ¢f ocollector current to Arift-
tube ourrent, The anode grid adds appreciably to transverse electron
velocity =s anode voltage is increased, as is evidanced by the inarsas-
eod capture of elaectrons by the grid at higher anode voltages. Since
one of the primary chbjectives of this research is the reduvuction of
{ransverse electron velocity not caused by the signal, inducement is
added to the idea of arranging to do without the anode grid ertirely.
Schemes for doing this will therefore be evaluated in future exper-
iments with thie tube,

Cathode temperature was shown to have a negligible effect on
transverss electron velocity at the collecting ernd of the drift tube.
Changing the heater voltage from sasven to nine volts made no apparent
ochange in the ratio ¢f collector current to drift-tube current. However,
tha ratio of colleotor current to cathode currant decreased by about
ten percent, This apparently shows that the drift-tube current is
limited by space chargs within the drift space.
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CHAPTER IV
MEASUREMENT OF NOISE IR BEAM CURRENT

Bvaluaticn of inhereat néise in the tube currents is performed
by oomparing the tube noise with the noise from a temperature limited
diode,

A lov noise preamplifier with a voltage gain of 50 was conshruct.
ed to work in cascade with a Hswlett-Packaird Model A450A amplifier.

The schematic for the preamplifier is shown in figure 4.1}, The
grounded-cathode-grounded-grid sequence was used to obtain a low
noise figurezc The equivalent noise resistance in the input grid
circuit is 1500 olms., The overall voltage gain of the two amplifiers
i3 5000 which is sufficient to sllow measurement of the noise level
in the input resistor alone. The entire amplifier is thoroughly
shielded, and the przamplifier is supplied with DC heater current
and & highly regulated plate supply. The lower end of the 3db pass
band was set at 15 KGC by means of an R-C filter on the output so that
power frequencies and other low frequency disturbances could be eliminat-
ed,

IRCcA Tube Landbook, Vol. 5-6, Gircults for & BQ7 tube.

26, E, Valley and H. Wallman, Yagum Tube Amplifiers, (New York:
HoGraw-Hill Book Co., Inc., 1948), Chapters 13, 14,

Y S P GNP < Y,

—————
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-_9_ I Pocknard Ro 256 ohms
4504 Ry 100 ohms
l Armlifier Ry 500,000 ohms

| Rs 10,000 ohms
Rg 7,000 ohms

6BQ7T-A 1B

Rz

Fige 4el.==3chematic diagram for low=noise preamplifier,

Measurements are made by comparing the noise produced by the
izbe vnder test 4o the noise alternately fed into the same emplifier
by a temperature limited diode with a tungsten filament., The noise
from this latter tube is easily calculated from the well-known formula

for shot noise,

T2 = 2018 (4-1)
where 1 is the rms noise ocourrent, &8 i3 the charge on an electron,
I, is the temperaturs limited DC plate current of the noiee tube in
amperes, and B is the bandwidtk in cycles per second.
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Both the beam tester tuls and the diode noise tubs constitute
constant curreat generators., Therefore, input capacitance to the
ampiiiisr aui Ins impuv 16515WF size Doth influence bendwisith of the
noise appreciably. Both the beam tester tube and the noise diode are
kept connected to the amplifier, so that no change in input shuntinz
capacitance (and thus, teandwidth) can sccur, First, the beam tube is
sdjusted as desired and the resultant noise output from the amplifisr
noted on a voltmeter with aquare law response to the noise, Then the
beam tube is shut off, and the noise diode filament is heated until
the amplifier output is duplicated. This 12 a valid operation bscause
both sources generate vhite noise in the bandwidth considered (barring
oscillations which will be treated below). A reading of tne diode
plats current completes the measurement,

Noilse measurements nave only recently been started, and only
collector current noise has been deali with so far, Initial resuits
ars as followss

l. PNoise "peuks® several times tha minimm observed nolse
level have been detected az anode voltage is varied. Similar peaks
are observed as magnet current iz varied,

2, Sinusoldal osclllation at frequencies from 400 ke to 2 mo
were noted in the beam tube collector current at 1,8 anode volte.
Amplitude ¢f the oscillation ranges up to ten or more times the beam
noiss., Frequency was affected by a slight change of elther anode or
grid voltage. Theseoscillations have been observed in the past in
cyclotron-mode tubes, and subsequent experiments will attempt to

explain their origin and bshavior,

-19 -
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3. In those regions where oseillstion and noise peaks ware
absent, the noilse in the ccllector current closely agreed with that
which would be found in an aqual D eznode current in a temperaturs-
limited diode, It appears that the collector draws over all the
current from a virtual cathode in the vioinity of the grid. 1Indeed,
the current versus voltage characteristics of the collector would
lend support to this view, A parallel experiment with =2 conventional
pentode will be performed as a check,

Partition noise and collector noise with the collector and
grid at other than voltage-saturated bias levels will be measured
next,

The above represents only preliminary results and obzervations.
It is intended that complete results of the noise measursmsnis will
be available for the zext report.

- 20 -
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CHAPTER V

CALCULATION OF DETECTING GRID CHARACTERISTICS

Any consideration of the means by which a grid is able tc detect
changes in radii of electron paths is complicated by the fact that
we must deal with a disirituilion of imillal velocitlss, rather than
a perfectly homogeneous electron beam, Under the influence of a
radio-frequency electric field, the radius of an individial electron
path may either increase, or decrease, or remain unchanged, depending
upon the relative phass of the electron and the r-f signal, Thus
the effect of the r-f field is to alter the distribution of radii,
For weak signals, the change in distribution is siight, while for
strong signels, we would expect vhat all electrons in the beam
would be "pulled into atep®™ with the r-f signal, We £hall deal oniy
with signal cease,

This report will include an outline of the meihcd of analysis,
and a brief summary of results, A full report on this subject is
to be iesued in the rear future,

The object of the analysis is to determine amplitude and fre-
quency response for deep "honeycomb® grid structures with various

hole sizes, in an cffort to determine the optimum grid size,
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5.1 Outding of Solution for the Quiescent Copdition

It is assumed that electrons enter the interaction region

with the distribution of transverse velocities that would prevail
at the cathode, given by

n 2
el
f{vg) =avg e AT Y (5-1)

where = 1s the electron mass, X is Boltzman's constant, T is the

~catiiode temperature in degrees Kelvin, and vy is transverse velocity,

all in MKS units,

If ve arbitrarily choose iths constant A such that

r°
J"’f(vt)d vy =1 (5-2)

then A = %—1" and equation (5-1)becomes

N T
£(vy) =f;1-“t e 2K (5-3)

The above choles of the constant A is equivelsnt to saying that
the total current is unity.

It is more convenient to write the  .nat:ona in terms of radius
ol the helical eleotron path., This is readily done if we note that
v, = waro, when W, = 2TWfL,, and £, i8 the cyclotron frequency defined
by equation (1-1) and r, is the radius of the path,

We can now writs, with the requirement that

a
f glr,)ar, = 1,
(-]
a new distribution function 2.2

_ mwory
Br,) === ¢~ AT (5-4)
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We are interested first in the fraction of the votal current
that will be intercepted by a grid under the ro-signal condition,
The assumption is mads that an electron, whose path has a radius
T4, will be captured by the grid if the axis of the path lies within
& distance ry of one of the vanes of the grid. (It is also assumed
that the pitch of the electron path is lesa than the dspth of the
grid,) For the purposes of a numerical analysis, ve divide the grid
opening into n regions spaced at different distanses frou the walls,
each regicn haring some area Ai, vhich is a fraction %% of the total
area of the cpening. If we consider the total current approaching
the grid openings ic be unity, the current captured by the grid will
be

b 5-5)
0o Ay 2 KT (

2 2
Iggé Ay, TR Ty
Ths above exproesion does not izclude current captursd becauss of
the finite grid area, which is about 15 percent of the total area
for the practical grids that have besn used. Thus the total beam

current is greater than urity, and is given by

212 \
1- .15 (5-6l

The ecllector current is, of course, total beam current minus

I,=1+

the grid current,

52 Experimental Results for the Quiescent Case
It i# interesting to ccmpare the results of the previous section
with data obtained from the beam tester tube. By merely varying the

magnetic field strength, we can change the scale of abscissa on the
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Collector Current

Brift-tube current
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initial radius distribution surve, thus shifting the curve to right

or 1sft, The rate of change of the current diviesion factor (E?Qll)

with rsspeot to flux density i3 a measurs of the sensitivity ofothe

grid as a detector, Also, this affords a msans of checking our |
analysias, Figure 5.1 shows the measured and calculated charaoteristice

for two different accelarating voltages. Note that for low magnetio

field strengzth the error is very lerge, This is probably becauss we

have violated the assumpticn that the pitch of the electren path

is less than the grid depth,

Magnetic Flux Density In Gouss

Fige 5ele

At high flux censities, collector current is lower than the

calouianted value, This may be the result of transverse velocities

imparted to the elesctrons as ithey pass near the wires of the

acoslerating grid. Future tests will prove or disprove this idea,
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but at least 4t is substantizted by the fact that reduced anode X

voltages give very nearly the predicted current division (of. Fig. 5.1).
5.3 The Small Signal Case |

We conesider r-f power input to the tube to be small when the
chengees in radius produced by interaction of slectrons with the
r-f field are comparable to the initia) radil of the elactron paths,
There is a change in the distribution function for ths radii, but the
electrons are not all “pulled into step® with the r-f field.

Analysis of this case is not simple, but a numerical solution
has been cbtained.

The method for solving this probiem follows. Knowing the current
reaching the collector under quiescent conditions, we seek the change
in current under signal couditions,

A finite number of categories are estavlished, each containing
electrons whose paths have nearly the same radius., A second division
is made to group eiectrons having about the same phass with respect
to the r-f field. Tuls amounts tc treating the beam as if it were
mads up of a relatively small number of charges, each having a part-
icular phase ard a definite initiel radius., Ths effect of the r-f
field on eacn of thess charges can be calculsted, and the net change
in grid or collector current can then be compu’ed.

The details of the above process are quite involved and will
be left to a techrical report on that subject; but the important
conoclusions can b stated rather simply in terms of curves of chuanges
in collector current as a furction of r~f pocwer input. Il is
nec-ssary, of course, to spacify ths form of the interaction struct-

'
ures, and ths accelerating voliage, as well as the configuration of
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the grid. Cathode temperature is also specified, although variations
within a reascnable range of operaiing tsmperatures have little
effect on the solution,

The curves of figure 5.2 show the changee in collector current
as a function of the r-f pover irput, Thse interactior sirusture
chosen for these caiculations was a waveguide 1/8 inch high and 3
inches wide, while the deteotor was a deep *honeycomi® grid with
square holes of the sizes specified on the curves, and with a depth
greatsr than the pitch of the electrs: paths, The electron veliocity
corresponds to an accelerating voltage of one volt, and cathode
temperature was assumed to be 850° C, The calculations were made for

a resonant frequency of 3000 meg=cycles per mecond.
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It appears from the tuives that the smaller the grid openings
the better, However, we must considar also the fact that-the current
transmitted to the collecstor under quiescent conditions decreases as
the grid 1s mads smaller, and thut the actual signal is proportional
to the total current. By combining these facts, we should be able
to arrive at an opiimum grid size,

We will assume for this discussion that the grids have square
holes with 85 percsnt transmission of light. regardiess of the sisze
of the holes, Thus 15 percent of the Lzam current ia captursd
because of finite thicknass of the vanes, The resaining ocurreni -

that divected at the holes - we will call I,, ks eotive beem current,

collector current
drilt~Tube current e
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Relative sensitivitics for grids of different sizes c=n Le taken
from figure 5.2 in the region of linear characteristios. using eny
fixed value of r-f power,

The ratio of quiescant collector current to beam current for any
grid size can be calculated by the method of section 5.1.

Tha procduct of the above quantities of the abaolute sensitivity
of the grid structure; i.s., it is proportional to the actual signsl
current at the collector. This product is plotted in fijure 5.3, and
gives the important result that the maximum sensitivity wo be expoot-
od from this type of grid structure is about 5 or 6 4b better then has
actually been obtained with Varien kiysiron grids (.01l inch openings)
and would be obtained with grid opsnings of aboui ,002 inches, This
may or may not be a practical grid from the standpoint of menufasture,

It is alsc important to note that the grids all tend to saturate
at high powsr levels, and less powsr is required to saturate smalier

grids, The dynsmic renge is probably almost indepondsuv of nole sise,
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